METHOD OF MAKI NG ULTRASMALL CRYSTAL MIT MOLECULAR
SIEVES This application clains benefit under 35 USC
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Decenber 28, 2006. Field of the Invention The present
invention relates to a process for producing
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connectivity of the tetrahedral atoms (referred to herein simply as MTT or

MTT molecular sieve) are known. See, for example, Ch. Baerlocher et al.,
Atlas of Zeolite Framework Types, 5™ Revised Edition, 2001 of the
International Zeolite Association. Examples of MTT molecular sieves include
the zeolite designated "S$82-32". $8Z-32 and methods for making it are
disclosed in U.S. Patent No. 5,053,373, issued October 1, 1991 to Zones.
This patent discloses the preparation of zeolite S§Z-32 using an N-lower

alkyl-N'-isopropylimidazolium cation as an organic structure directing agent
(SDA), sometimes called a templating agent. U.S. Patent No. 4,076,842,
issued February 28, 1978 to Plank et al., discloses the preparation of the
zeolite designated "ZSM-23", a zeolite with a structure similar to SSZ-32,
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method for preparing a crystalline aluminosilicate zeolite from a reaction mixture
containing only sufficient water so that the reaction mixture may be shaped if
desired. In the method, the reaction mixture is heated at crystallization conditions
and in the absence of an external liquid phase, so that excess liquid need not be
removed from the crystallized material prior to drying the crystals. U. S. Patent No.
5,558,851 is incorporated by reference herein in its entirety.

SUMMARY OF THE INVENTION

Provided is a method for preparing a crystalline molecular sieve having MTT
framework topology and having crystallite sizes in the range of about 150 to about
600 Angstroms, said method comprising:

a. preparing a reaction mixture comprising, in terms of mole ratios, the

following:
YO,/W,0; 30-40
R*YO, 0.06-0.12

OH/YO, 0.20-0.26
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32 a. preparing a reaction mxture conprising, in

terns of nole ratios, the 33 follow ng: 34 YO2/ V(O3 30
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Mherein Y is silicon, germaniumor mixtures thereof; W
1|5s aﬂlmrpmmedtma@nethg@fdrumarllngmrmpemmalw mhlgculat sieve having
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19 a. preparing a reaction mixture comprising, in terms of mole ratios, the

;? following:

29 YO/ W20, 30-40

23 R'7YO; 0.06 -0.12

24 OH/YO; 0.20-0.26

25 K'IYO, 0.09 -0.15

26 and an amount of water not substantially in excess of the amount required
i; to cause and maintain crystallization, wherein Y is silicon, germanium or
29 mixtures thereof, W is aluminum, boron, gallium, iron or mixtures thereof;
30 and R” is a diisopropylimidazolium cation (“DIPI") structure directing agent
31 ("SDA");

32

33 b. forming said reaction mixture into shaped particles; and

34

c. heating said reaction mixture at crystallization conditions and in the
absence of an external liquid phase for sufficient time to form a
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c. heating said reaction m xture at crystallization
conditions and in the absence of an external |iquid
w@basesfoor sufficient time to formaO 1 crystaPdT/E8H07/087684
mat eri al containing crystals of a nolecul ar sieve
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AdherggdtlonRik&ire i Brrded (including any adjustment in the liquid content that may

25 pe needed), the resulting mass is self-supporting. It is important to note that as

26 used herein the term "seif-supporting” (or any equivalent thereof) refers to a

27 .
23 reaction mixture that does not collapse or "melt” under its own weight. This term
29 includes the case where the reaction mixture is comprised of individual granules in

30 which each granule is self-supporting or a powder in which each particle in the
31 powder is self-supporting.
32

33 BRIEF DESCRIPTION OF THE DRAWINGS
34

Figure 1 is a powder X-ray diffraction pattern of an ultrasmall crystal MTT molecular
sieve made in accordance with the present invention.
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27 reaction m xture that does not collapse or "nelt"

under its own weight. This term 20 2 includes the case
Wob@sesoke reaction mxture is conprised of i NECWUSaT/087684

granul es in 30 which each granule is self-supporting

or a powder in which each particle in the 31 powder is

sel f-supporting. 32 33 BRI EF DESCRI PTI ON OF THE

0 W NGS 34 Figure 1 is a powder X-ray diffraction

pattern of an ultrasmall crystal MIT nol ecul ar sieve
Oﬁ‘ad &igure 2ds artEM paotuntitropraphmf deeuitrasmalt otystah MT Timalecular sieve
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d he anmobunt required to cause and maintain
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08i T QR 3% 2 PNdEF K-V d%eﬁlm@aﬁm %ﬁﬁﬁeéhﬂ% made in
@C c %%géﬂﬁﬁcé’\ﬁvftﬁ tﬁé‘&ldﬂdrﬂécﬁ\‘ﬁl&ué SCEHNIIE 19fof EX &TPlatent Mo
I%E S. Patent No. 10 5,558,851 . 11 12 DETAI LED
SGRFBIBYIN OF EMBODI MENTS OF THE | NVENTI ON 13 14 15
Ithe present invention relates to a nethod of prepari ng

1ol ecul ar sieves having 16 MIT franework topol ogy
I?avi ng CQE&LED]E@E%!ON @EEM’BQ@&M %ﬁiﬂ EHHVE&-HON
about 600 Angstronms. For the sake of brevity, these

IHTT nol ecul ar sieves are referred to herein sonetines

isi mPlhg passendlinveatiom relates yo & alethiirofwrepaiingamolsculae sieves having
16 MTT framework topology and having crystallite sizes in the range of about 150 to

17 about 600 Angstroms. For the sake of brevity, these MTT molecular sieves are

18 referred to herein sometimes simply as “ultrasmall crystal MTT molecular sieves.”

19

20

21 The reaction mixture from which and in which the ultrasmall crystal MTT molecular
9o  Sieves are crystallized comprises, in terms of mole ratios, the following:

23 YO2/W>203 30-40

24 R*7YO; 0.06 -0.12

25 OH7YO; 0.20-0.26

26 K'7YO, 0.09-0.15

27

" and an amount of water not substantially in excess of the amount required to cause

29
30 is aluminum, boron, gallium, iron or mixtures thereof and R is a

and maintain crystallization, wherein Y is silicon, germanium or mixtures thereof, W

31 diisopropylimidazolium cation.
32
33
34

As used herein, the term "not substantially in excess of the amount required to
cause and maintain crystallization" means the minimum amount of water required
which causes and maintains crystallization of the ultrasmall crystal MTT molecular
sieves. This amount of water is considerably less than that required in conventional
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following: 24 RO 2 0.06 - 0.12 2 5 OHTYQ2 0.20 - 0.26
26 K- 02 0.09 - 0.15 27 and an anobunt of water not
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1|gnv%réta #o?re]ekample, powders, hydrated particles, or concentrated aqueous solutions.

;z Sufficient water is added to wet all the starting material powders during mixing
21 and/or kneading of the reaction mixture. Alternatively, sufficient water is added that

27  the starting material powders may be kneaded into a uniform and generally

23 homogeneous, self-supporting mixture. It is not necessary that all of the active

24  sources be readily soluble in water during kneading, since the water added to the
25 active sources will be insufficient to make a fluid-like mixture. The amount of water
26
27 . . ) . . . ,
’8 Those familiar with the art can readily determine without undue experimentation the

29
390 example, hydrated sources of the molecular sieve may require relatively less water,

added depends on the mixing apparatus and on the active sources employed.
amount of liquid required to properly mix active sources of the molecular sieve. For

31 and dried sources may require relatively more. Though it is preferred that the
32 mixture be blended and/or kneaded until the mixture has a uniform, homogeneous
33 appearance, the length of time devoted to kneading the mixture is not critical in the

34 . )
present invention.



where the liquid may include aqueous and organic

liquids (e.g., the SDA), is that anount which is
we@deskord adequately bl end the m xture. Thus, PEI/US2007/087684
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27

28 B

29 It has been found that the particular order of addition of the components of the

39 reaction mixture can assist in producing the ultrasmall crystal MTT molecular

31 sieves. For example, if the active source of aluminum oxide (e.g., Reheis F-2000
32 alumina) is first converted to a sol by mixing with aqueous KOH, and then added to
33 the source of silicon oxide, followed by the addition of the DIPI SDA, synthesis of

34 the ultrasmall crystal MTT molecular sieves can be enhanced.



Qof the ultrasmall crystal MT nol ecul ar sieve
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w00 029D W O3 are within the scope of the prPCEES2007/087684
i ncluding 09 nol ecul ar sieves having a nole ratio of
YO2 to W8 of greater than 12, for 10 exanpl e about
30 and higher 11 Typi cal sources of silicon oxide
ogg: g)n LTQE df’fl‘?ﬁt ﬁr%mﬁt%@ onycﬂer %ﬂﬁfn Sh'rlhgl% ﬁ?istency of the
Br t heaitiohmmme si inag aetajotérmmmme rpaeimrpmbﬁlreai-lts a desired self-

T 568y e S PR T W0 oo Gordled bRk e
al Uﬂpmﬁrﬁﬁn step'yl ﬂr@relﬂmédad:l theuToneissY0 prstess stdps asquiiréd to

0Al CI 3, Al num dr d Al (
o aféep%ﬁ&g%%m%er@]ﬁ AOBR Bt Slefil TR Ri5aAGd ipfhe mixture.
02: g RrIdH D XA the réiﬁﬂl@hirmﬁu?é)%@) b@h@@eisEaft@Qh%gé/th%qwd

Germani um boron, galljumand iron

%dd@&“felﬁ‘t PWﬁée%‘aﬂnéﬁ‘ﬁBﬁ%}l%@eQ@Y fyingriby %leﬂﬂ 'ﬁHFﬁ ligkid, in order

®i | it§ BRovidid R aBIe PasLwhigh réiamsr@%ﬁbb@nIrn?éﬁéf'éiefown%?st shaping
lg)orrprl ses one or nore active sources of 2@ assi um 2

xi deethegs, waterauil ggne@inpempdsadiens Rbpyt 4 peigentiombeuhP0 percent
‘ﬂo %Qgr&gusm& I dchd @foBlimfer iR AbbLE 89 BBlcenCiolbodt 50 percent

| ar sieves is swtab e, though potassium
lpydrbumemt@theymwmn mniigred. 27 28 2 9 It has been
ound that the particular order of addition of the
ldonponents of the 30 reaction mixture can assist in
181 odu Biengrefdneming stepsthalréadtion snistureMian b fastedantoshaped particles.

f
) YitnodClor BIARG td barhs 36 WUFIRRM B8 hrehH IR, for
Ido n\eaametb ertrasism| spogy dwmgng'amulahomcpggmmeﬂ@lbn andlthe like. The
rce

1ikhe ed to 33 the e, follo
oy Priiare oo o Bepandades oot BB wifote34idlet and
2‘9| Lrn@éw? in thé Yortabf, W’éxﬁﬁipﬁ;@kﬂmda&eamﬂemngmmes agglomerates
nhanced. 1 n_on odi. t he present .inve
o ERERTUE oF R TR SILERER) Y SVE AL PRagRaU BB A b gL betweer
ot EBYUDE6A M@ 4Rl éts&umtzhuacm eaitpreferdbiy betn@ehbduB1/32 inch and
&esn red, sel fsug % ?
about 1!4 inch, | e part cles will be of a size to be retained on a 1/64 inch, and
24 preferably on a 1/32 inch screen and will pass through a 1/2 inch, and preferably

25 through a 1/4 inch screen.

26

27 .
’g In one embodiment, the shaped particles prepared from the reaction mixture will
29 contain sufficient water to retain a desired shape. Additional water is not required

30 in the mixture in order to initiate or maintain crystallization within the shaped
31 particle. Indeed, it may be preferable to remove some of the excess water from

32 the shaped particles prior to crystallization. Conventional methods for drying wet
33

34

solids can be used to dry the shaped particles, and may include, for example
drying in air or an inert gas such as nitrogen or helium at temperatures below
about 200°C and at pressures from subatmospheric to about 5 atmospheres

pressure.



shape before the crystallization step (referred to

herein as the "preform ng step"), thereby reducing the

WO 008/08290f process steps required to prepare CBCHU§100T087684
materials contai ning the nol ecul ar sieve prepared in

the m xture. Prior to formng the reaction m xture, it

may be necessary to change the liquid content of the
eaction mxture, either by drying or by adding nore
iquid, in order to provide a formable mass which

ORet dNatigrally scaindyeclays) egenegrdbnitel saolimp stontrhariionite, sepiolite and

02 G588 bt A ROEBRE L PR s o

enb edistadiidatiofn toproxiieydaridde pleavdrengoddocrasio streridth pRuatesiays can be

08y wei ght,of the .reaction.mxture. ILn the preformn
o6t oS LB dar SR siarolily rined el A heaioal sirde
0;}alr ltchrfirﬁﬁon,_l\diﬁmﬁdﬁtnfdm optlgmﬁbhllrrg%diﬁ@timr Midtb@lgastaline cellulose has
we own n e art, n I nCl ude, .or Xa e,
Bt 158 o Topnc b iy P ap oo B BIERS: | on
oand the |like. The particles are preferably of a size
1@nd shape desired for the ultimte catalyst, and nay
e iA§ detedpbeye.dhe liayd Pesserbindhe esactigaMikyre Wil B8y be in the
19r ansthess stageh PARICKIS Pzl bk PEbinbPatidihf Aitidous A8 oridric liquids, so

1general Iy have a cross sectional dianeter between =
Igbomnmasstmeiamwﬁﬁawatﬁs@res,t?ntzlsmwﬁw;erﬁ#mcw@wdnwtam
et WRRHLIRRANE oi{)h%%g?élpﬁbr_@%lé’&%tsié/&whﬂ@ By thb-s%mle} l'igﬁe optionally

lBarti'cles wll be of a size to be retained on a :

isnc keeping the esfagtiemmjxtuie selfsupponting h Sincedbe tataldiawid ¢ontent may
as , r

825t 4 o o e AR g rom e

131 e peactidn imisture, litds peafetred thatihe: totad volatiles conteat of the reaction

ffi.c ' ' _ Wi o
0% Bl P o o, b s o
i"ni {wat)eand innsonmd ambodimestsabétiveat aboutvBl%h iand ebeustlp dd/w), where

021 BRSPS S e B gt

6! Y Hidtdacian imdtureCatigerfeturabf imetphestmt bruceds YHatgoweltitional liquid

Solids can be used.to dry the shaped rtjcle and

Zhny CERAIG e e oq 10 Aaise A Al i s a5 e Eifapman crystal
23UCIM BB middcuRE SR:veE ifRkLiMed R chRtREasN bES el amARSYstal MTT
2%E)OOC and at pressures from supat nospheric to about 5

at mglefYsipesdtiinthe reagienNarWel | y occurring cl ays,
28.9., bentonite, kaolin, nontnorillonite, sepiolite

2and )
28 Crystallization of the molecular sieve takes place in the absence of an external

29
30 Mixture. In general, it is not detrimental if some liquid water is present in contact

liquid phase, i.e., in the absence of a liquid phase separate from the reaction

31  with the reaction mixture or with the shaped particles during crystallization, and it
32 can be expected that some water may appear on the surface of the reaction

33 mixture, such as in the form of beads, during crystallization. However, itis an

34 objective to provide a method of crystallizing ultrasmall crystal MTT molecular
sieves in such a way as to minimize the amount of water which must be treated

and/or discarded following crystallization. To that end, the present method

9



03 attapulgite, are not required, but may be included

in the shaped particles prior to 04 crystallization to
w@e@siog2particl es having good crush strength. PCITk2007/087684

clays can be n, used in the raw state as originally

m ned or can be initially subjected to OD Q7

calcination, acid treatnent or chem cal nodification.

O R A5 S35l e g B T AT foves wric
OAS séquired napadditionaheater duri oty stelization beporicha suffisient smount of water

be.i.n. the. form of ape article
i Bue st ot il el Bl o PEIARE Bt e e at e
kametinge aptidrizdly Reoping tef re\alalic&f mixiee&slf-supporting. Indeed, under
0Sufficient to cajse and mai nt 13 14 %ﬁ talli g B1e form of

oaf  CREAERINAILGES Ik WRIGT ﬁrﬁs‘é” Ing Gryst iof Y,

0t57 Mghed Rlachd Histule dePBpEd phﬂt@!eée@&l lirPBxtraré Ufr&lmstances may
el f-supporting. Since the total |iquid content

my
081 f G205 T e BRUAARLLE 196 SRR RATiCIes st e nieayty or 1o dissolve

gghaped particles made fromthe reaction m xture, it is
lBr eferred that the total volatiles content of the
eadiryeiallizationyds gerdunied alprcelpvated fsmparatyie pad uguallydn an autoclave

Idange wokt tﬁ%?%‘t‘ﬁﬂn mQtEFe iESUbR tgﬁét?ﬂ% éggyﬂé‘ssw Nﬂtll tr%ngnall pore

2N sone e nents etween a o an about
QW W)qlewmsse\@ocrvﬁelsmm formed) dihel terpecaturesduriag tl'reehvdrothefmal

s‘?allgatl%ﬁg?ép a’r8'ttﬁ5uéén9 nl.énfﬂt‘élngd fidhg L‘Hé?ut%s“ﬁt B abouf175°C.

122 t reac feature of
1rgresent process that no additional |iquid 23 beyond

2 A Gp OB Bl 1L S G el siove s
lr‘?eq lﬂneqednttyoacoere]stealrélanm iocomnuénttdmel crystatisatin methpds.arhus, the
he [ eag t| an

I®TT ol ecul.ar ..si eves. w
7 apIAIRY e fodof OIS oy bl AR Famibgut 24 to
ion tabeubse@e. of an external
2
21
27 The ultrasmall crystal MTT molecular sieve is crystallized within the reaction
93  mixture, which comprises amorphous, non-crystalline reagents. Crystals of a
24  molecular sieve capable of forming the ultrasmall crystal MTT molecular sieves
25 (i.e., "seed” crystals) can be added to the mixture prior to the crystallization step,

26 and methods for enhancing the crystallization of molecular sieves by adding “seed”

27
28 crystals are well known. Conveniently, when used, the seed crystals are crystals of
29 the MTT molecular sieve. The seed crystals can he employed in amounts from

30 about 1 to about 10 wt.% of the weight of silicon oxide (calculated from the amount

31 of active silica source) in the reaction mixture.
32
33
34

In one embodiment, once the molecular sieve crystals have formed, the crystals
are water-washed and then dried, e.qg., at 90°C. to 150°C. for from 8 to 24 hours.
The drying step can be performed at atmospheric or subatmospheric pressures.

10



28 2 9 liquid phase, i.e., in the absence of a liquid

phase separate fromthe reaction 30 m xture. In
w@emwsnsdo27 it is not detrinental if some |iqui dPEEUS2007/687684

present in contact 3 1 with the reaction mxture or

with the shaped particles during crystallization, and

it 32 can be expected that sone water nmay appear on

o T BB SRR P ol vesid Do
03n 3I4tabieiota pectss wherebga feedrisichelthgodtraight shainldndi stightly branched
O A A APe SO PSR Rt et Do
O?r eated and/or discarded follow ng crystallization. To

Obhat end, the present net hogg & Egggl des a net hod of

ggynthesi zing ultrasmall cry nol ecul ar si eves
0 ich 02 requires no additional water for

rystallization beyond a sufficient amount of water 3
O8equired to cause and nmamintain crystallization of the
ool esppLEsHeve, wWhile at the 04 same tinme optionally
1Iéeepi ng the reaction m xture sel f-supporting. |ndeed,
ldnder certain conditions, liquid water present during

ry |y [ I : W]y
it 3P AT ST PSR Mg biefalifas Ribws
I§ihr cumnst anc_esl, may O|8 cause the reaction mxture or

a - o A

i1 o0 LR OBl 8 b8 (ESF 2331 b BREFBENIN et Rere added 12 grams
18] evhAHOH)2 (Rehais ERE0R HS Wi Al2GB, 4id veth H2Opandithe resulting mixture

ha . Cti00: Ik XTI UE €4 ' -
R AP, 6 s SR o8 U ERE olar souton of
1dr y diisdmopylienifazatech. hyBhexideewitte miving fos 18uminotgst MNext were added 36
iRydr ot herpal_.j, crystalljzati ep, are typicall .
e SR 818 PP FaE SRR o ROHA Fiubo 826 Birley. The miver
zlpﬁ Aalls le heﬁlﬁedftie 80 ulc:eotdhametmigtw? ysd abib'tilleatcbmnbéf 55 wt%.
e pore nol ecul ar sie is frequently
2CC cggrarlaggs Inethe ity B’e'éeo?ﬁ/‘éél’ﬁ?‘i"%nal crystallization
thods. Thus, the 1 crystallization tine required to
ormcrystals will tyBi cally range fromabout 24 to 19
23bout 72 hour sR+/3§02 = 0.085

24
25 OH-/Si0, = 0.23
26

27

28

29

30 SiOz/AizOs =35
31

32 H.0/Si0; = 4.1

33
34

M+/SiO; = 0.14

The mixture was placed in a Teflon bottle in a stainless steel pressure vessel and
heated to 170 °C for three days. The product was washed with pH 12.5 KOH
solution at 80 °C three times, then once with water. It was then dried overnight in

11



21 22 The ultrasmall crystal MIT nol ecul ar sieve is
crystallized within the reaction 23 m xture, which

W@ 09pises anor phous, non-crystalline reagent SPCT/US2007/087684
Crystals of a 24 nol ecul ar sieve capable of form ng
the ultrasmall crystal MIT nol ecul ar sieves (i.e.,
"seed" crystals) can be added to the m xture prior to

he crystallj I41QR -t S nai
W R0 Ve 328 -5t S pdbpdR-2HEnalts SR G, e product
2seead’ identifitdlas Z8\-28etlpe kyrvay difartienianalysiy, Thaeorray diffraction
sed he seed crystals. are.crystals of 28 29 the.MIT
ggm apabap €T 45 Sadufef SR YRRE o3 s aisrayas
o grahsmissivm e3éctaironicrdgrash abRigiirel® wt. % of the wei ght
06f silicon oxide (calculated fromthe anount 31 of
pgCtive silica source) in the reaction mxture. 32 In

01S;ne COMPARMEINVE EAgsPLihe: nol ecul ar sieve crystals have
ormed, the crystals 34 are water-washed and then

08r i g, 150 gramsaif sHER (Hi-$ib235 00 8. Baker-Péridms Bixepware added 10

s SEARBT B BHREER. AR BT R RO 0

ldI : rrelswlttaid MU wals rivkdd \Af%ﬂﬁ@@gﬁiﬁmtef&i nﬁm \mlété atgrRd 170 grams
atalysts 1 n a proces ere e n I n

1ot r &f éﬁtﬁtwai% SSW&OE P?aiiﬁquppé{ 'ﬁ%@ﬁ%@%hvfg‘@% ﬁsf%él?\@Ed by 22

I%@s bPa BOQAYE AqacolsSRIMIoNZ KOH aAY te restiNgnitdure was

. An ultrasmall crystal MIT nol ecul ar sieve
l\ﬁua_s "Eﬂ‘%-b@f P '_&@Jfﬁqu' %Wefﬁoad_ﬂ@@ 1§'>_r9iﬁ§156¥f waterjte ring the mix to
16Hi 'au%ajs}ez.q’%}an' 5 Brafie &Y kKohh Kla) DoWaEPive i dicdddRd sib% mixing
l’g'rzams of AJ(OH) 37(Reheis F2000,” 53 wt % Al 2C3, 47 wt %

Oroatinedvéthy eunixenwally haatedktogbouhPRe@. foogongert the mix to an

lifi ng&ﬁédangn{dal!gg.SrH@Fna ﬁggn&%g;egfruaé@@%@&? &h 2RkRHie in a

1gol utron o I sopropyl | um e wth _
g1 xiQagvefrgressBand placaon Risxteende dnagidedm3empesatyredd aavolatiles

e CHSEPOCP P, Mg 8 Sl R o Ryl oo

om xture to a volatiles content of 55 wt% Ml ar ratios
25” the m xture were as follows: Rt/ SiOz = 0.085

2 R+/Si0; =0.086

24

75 OH-/Si0, =0.17
26

27 M* /Si0, =0.12
28

29

30

31

39 H, O/Si0; =2.3
33

34

SiOz /Al; O3 =36

The extrudate was placed in a Teflon bottle in a stainless steel pressure
vessel and heated at 170° C. and autogenous pressure for four days. The
extrudate was washed with water, dried overnight at 120° C. in a vacuum

12



OH/SiO=0.23 MW SIQ2 =0.14 SiO 2/A 23 = 36

H2O Si2 = 4.1 The m xture was placed in a Teflon
whoislg9eh a stainless steel pressure vessel apPdI/OsRDBOB7684
to 170 OC for three days. The product was washed with

pH 12.5 KOH solution at 80 OC three tines, then once

wth water. It was then dried overnight in0 1 a vacuum

v AR L AR P A e

03i f identified as ZSM-PSitgpe Bjheray difiiactiod analgdis.oTHaY-theta d-

ganal ysi.s i e 1 l.so confirned the smal| cr

O abaefat ot 1 e SR oAb ot b s YRBEE L
i crograph of Figure 2. 06 07 COVMPARATI VE EXAMPLE 1: O

0§ To 150 grams of silica (H-Sil 233) in a

ggaker - Per ki ns m xer were added 10 09 grans of Al (OH) 3

d ReH#B-EH000, 53 wt % Al2 OB, 47 wt % H2 O and the
esulting m xture was m xed for five mnutes. To this

Ofer e added 170 granms T of a L. 15 nolar sol ution of

@i | 26bd §p§EINGri dazol i um hydroxi de, followed by 22 13
ra : % aqueous sol ution of KOH and the

igeszqiﬁ?llg&\é@%%sme was 14 mxed for 3.5 hours. To this
Mere_added 15 grans of water to bring the nmix to 15 a

1past Th gr ans aolin clay powder were

lﬁddgg\:wang&s'?%% m Xi ngggt#ti nued with the mxer walls
eat7e200 o ©#L28®8 60 C. #O.60onvert the mx to an

1 .

s TR AR L0 RS, D ese and b aced on a

1zc:r et o M y188 room #¥ZMBerature to a volatiles Q

ontent. of 4 % MolLar,.ratios in the extrudate were
1ds %o&l“ovvs“' 0¥3 R/ 8:7%52:0. 086 4

18 8691 10.1857 11.69
19 13477 6.5648 7.79
20 14598 6.0633 7.23
2L 50560 4.3164 20.81
;i 20.919 4.2431 31.43
o4 21661 4.0995 67.56
25 22514 3.9460 100.00
26  23.010 3.8621 27.95
27  25.465 3.4950 7.71
28 27234 32718 10.62
iz 28.850 3.0922 8.41
5] 29749 3.0008 0.87
3y 33491 26735 5.96
33 35047 2.4963 16.17

34

13



5 O0HVSi®2 =0.17 6 7 MW /SIQ2 =0.12 8 9 SIi2 /Al 2 B

=36 3132 H OS X =2.3 33 34 The extrudate was
w@b@emgkorn a Teflon bottle in a stainless steePCT/US2007/087684

pressure vessel and heated at 170 C. and aut ogenous

pressure for four days. The extrudate was washed w th

wat er, dried overnight at 120 C. in a vacuunoven, and

al & N T " ' ; .-
07 oI phyift e pafiein i Collan@RA xRy 1§\ inFigure 3
0di f {Gamparativedied nysle <. is Treesdine Be Exanipieaty figm W.rSrRatert No.
og-r%yEsﬁy raction analysis are sumari zed in TABLE 1.
0 ABL *20°d spacing Relative Intensity 7.150 12. 3535
8.95 7.200 12.2678 40.60 7.250 12.1833 47.1 1 7.290
062.1 165 47.78 7.614 11.6015 72.12 8.691 10. 1657 11.69
063. 477 6.5648 7.79 14.598 6.0633 7.23 20.560 4. 3164
0.81 20.919 4.2431 3 1.43 2 1.661 4.0995 67.56 22.514
> 9460 100. 00

09
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34

14



23.010 3.8621 27.95 25.465 3.4950 7.71 27.234 3.2718
10. 62 28.850 3.0922 8.41 29.749 3.0008 9.87 33.491
WQ2®30%29%7 96 35. 947 2.4963 16. 17The X-ray di f fP@USINT/087684

pattern of Conparative Exanple 1 is shown in Figure 3
Conparative Exanple 1 is the sane as Exanple 19 from

U S. Patent No. 5,558,851 .0 1 WHAT IS CLAIMED | S: 02

3 tho )reparing a crystalline nol ecul ar
Ogi e\J}'gHﬁ |ﬂWﬁ§ l%mswork 04 topol ogy and havi ng
@rystallite sizes in the range of about 150 to about

@00 str sai d nmet hod .c rising: UD Q7 08 -
G%Lepﬁ? R TR0 tor e ot TG & 51V AU 512 BB T T framework
| e riapblegy ahb@alitgice/stave Bizes Ithkradge ¥CAMRMOA 560 about 500
®0 2) R+/ YO2 0.06 - 'g %2 14 _3,2_' OH0O020.20 - 0.26 15
o) K+l ey saidgngigod §OPPESNGny an amount of wat er
ot substantially in excess of the anmobunt 8 required
o cause and maintain crystallization, wherein Y is
08 | | coh, PEPAGES RIRACHIANINIXHIS COMBESIPGJR dFMs qfmale ratios, the
08l um numgBRAHyR, gal lium iron 20

10

1 1) YO W03 30— 40

12 2) R/YO; 0.06 -0.12

14 3) OHYYO; 0.20-0.26

15 4) K'IYO, 0.09-0.15

16

17 5) and an amount of water not substantially in excess of the amount

13 required to cause and maintain crystallization, wherein Y is silicon,

;z germanium or mixtures thereof; W is aluminum, boron, gallium, iron
21 or mixtures thereof; and R" is a diisopropylimidazolium cation; and

22

23 b. heating said reaction mixture at crystallization conditions and in the absence
24 of an external liquid phase for sufficient time to form a crystallized material
23 containing crystals of a molecular sieve having MTT framework topology and
ig having crystallite sizes in the range of about 150 to about 600 Angstroms.
28

29 2. The method of claim 1, wherein said reaction mixture during crystallization has
30 a water to YO2 mole ratio between about 1.9 and about 5.0.

31

32 3. The method of claim 2 wherein said reaction mixture during crystallization has a
ii water to YO, mole ratio between about 1.9 and about 2.5.

4. The method of claim 1 wherein the mole ratio of YO, to W>0Os in the MTT

molecular sieve is greater than 12.

15



or mxtures thereof; and Ris a diisopropylimdazolium

cation; and 22 23 b. heating said reaction m xture at
wW@roosNsd92t i zati on conditions and in the absenceCRUSIWNT/087684

an external |iquid phase for sufficient tine to forma

crystallized material 25 containing crystals of a

nol ecul ar si eve having MIT franmework topol ogy and

0gavi ng crystallite sizes in the range of about 150 to

bout 600 Angstrons. 27 28 2 9 2. The nmethod of claim

02, \BheTre methmiddbfckdmtd whengindhea Y® da Qs molar ratio is 30 or higher.

oarystallization has 30 a water to YO2 nole ratio

0Qetween about 1.9 and about 5.0. 3 1 32 3 . The nethod

of @&l daftre Rethverdfictairmal Wherelmahistep arithé UVD.ds fifshgonverted to a sol by

08rystal ] ization has water tq YO2. nol atj
dae vie dRIXEGOH A4t Kl R e hespl i Bdae fika ppduce a
oG al MALOYROMMOL RExIRY, folloel yhe ¥Elition YPRBtd shid Rrixture.

T nol ecul ar sieve is greater than 12.0 1 02 5 . The
0Ehe‘thod of claim3 wherein the YO2 to V@3 nolar ratio
09S 30 Qmda R prépariig a%h%gﬂ‘ eryarilitethmetcdbpsi8ve having MTT
(gherein in step a, the W3 is first converted to a

ol byframewerk topelpgsandbadngemstalitgisizein the éa@lﬂ ofjabout 150 to
lddded 40,¥680 AP gRF QS CRicRmbtho@RgiiigYO2 mi xt ure,
1bol | owed by the“addition of R+ to said m xture. 08 09
1§D. A net hod for preparing a shaped crystalline

lecul a [ i I
IHavi n;g c _(/e?? g?@a{} ?@@e@ﬁuﬁé? ?ﬁé‘b r an%'elrl Erﬁ%@ﬁcﬂ ?Lé%%?'bthe
13bout 60®llpwigt r ons, sai d met hod conprising: 12 13

16

17 1) YOz/W;0; 30-40

18 2) R*YO, 0.06 - 0.12

;3 3) OH/YO;  0.20-0.26

21 4) K'IY0, 0.089-0.15

22

23 5) and an amount of water not substantially in excess of the amount

24 required to cause and maintain crystallization, wherein Y is silicon,

25 germanium or mixtures thereof; W is aluminum, boron, gallium, iron or
ig mixtures thereof; and R" is a diisopropylimidazolium cation;

28

29 b. forming said reaction mixture into shaped particles; and

30

31 ¢. heating said reaction mixture at crystallization conditions and in the absence
32 of an external liquid phase for sufficient time to form a crystallized material
zi containing crystals of a molecular sieve having MTT framework topology and

having crystallite sizes in the range of about 150 to about 600 Angstroms.

16



4 a preparing a reaction mxture conprising, in terms
of nole ratios, the 5 following: 16 17 1) YO2/WO3 30
W0 2e08/080822) R+ O 2 0.06 - 0.12 19 3) CHTYO 0. ZBCFURS208B087684
20 4) K+ O2 0.09 - 0.15 22 23 5) and an anmount of
wat er not substantially in excess of the anmount 24
required to cause and maintain crystallization,
ergei [ o
her8eo Wﬁ'g)%ac}f lﬁ:ﬁaﬁrﬂuTm%v 5‘%@ E%rghﬁﬁe&) h]amc;e%hlﬂrugrﬁg crystallization have
0Ri xt ur@watenés ¥0R2; maledafR}beB;ean@bneprcamwaimudaﬂol I um
ogation; 27 28 29 b. formng said reaction mxture into
haped particles; and 30 3 1 ¢ . heating said reaction
m xtsurﬁwamemoﬁaifa:ldumzaat;hexeumwwamaMes duiiriteerystallization have

gt o a1 X0 e S Batedh e B Snd Bhod '

?ryst al s of a nol ecul ar si eve having MIT frarrevvork

opal o and 34 havin lite S|ze |n th
081 " A0 The Tinebobgatt 7 sheran 12 Pale 265 on o uTT
09l ai M ioleciipsigldisSgbsted e, parti cl es dU“ ng

1erstal lization have a water to YO2 nole rati o between
bout 1.9 and about 5.0. 9. The nethod of claim38

Whengi fheRbthoaAREAMPRY WhérkRthe Yo,18 vijosShélak +a?a%t.s @,a or higher.

thave a water to YO2 nole rati o between about
1?bout 2.5. 10. The nethod of claim7 wherein the m)l e

t |
i cdRaTs HEAO R Bl MR SR Eob o s
1‘502 t onkgin@avithvhguecusti@H. and3oen thensqj ireaddetito Yiuto produce a
L POdnRQVROH; % S’ K6l ty e Baciibif oV BT daia iksdle.

onve
17
18 13 A method for preparing a crystalline molecular sieve having MTT framework
;3 topology and having crystallite sizes in the range of about 150 to about 600
21 angstroms, said method comprising:
29 a. converting W>Qj3 to a sol by mixing with aqueous KOH;
23 b. adding the sol to YO3 to produce a W>Q:/KOH/YO; mixture;
24 ¢. adding R” to said W,Q+/KOH/YO; mixture to form a reaction mixture having
25 a mole ratio of water to YO, between about 1.9 and about 5.0, from which
26 the crystalline molecular sieve is formed; wherein Y is silicon, germanium, or
z; mixture thereof; W is aluminum, boron, gallium, iron, or mixtures thereof;
29 and R" is a diisopropylimidazolium cation.
30
31  14.The method of claim 13, wherein the reaction mixture has a mole ratio of water
32 to YO, between about 1.9 and about 4.5.
33
34

15.The method of claim 14, wherein the reaction mixture has a mole ratio of water
to YO, between about 1.9 and about 2.5.
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m xi ng wi th aqueous KOH, and then the sol is added to

Y2 to produce a W8/ KOH YO2 m xture, followed by the
wa@easnser of R+ to said mxture. 13. A net hod POI/US2007/087684

preparing a crystalline nolecul ar sieve having MIT

framewor k topol ogy and having crystallite sizes in the

range of about 150 to about 600 angstrorrs sai d net hod

| nye to_a sol m.xi.ng. .
e D st e q SR I3, W E e et bl bl i terms of
0@ V\E%K&lét(@tm fdllowimg: ¢ . adding R+ to said
O‘é\ZCB/KC]—VY tti ?to or@a reacti on m xture having
02 nol e rati 8%@ t3@ bet ween about 1.9 and
bout 5.0, Arrhwvgli ch otegs <oyigtal | i ne nol ecul ar si eve

G5s f or ned; ein Yis silican, germanium or mxture
osher eof ; Wq\s\hsgllkﬁ%znum% Brc?% gall'ium iron, or
i Xxtures thgreygo,and Biod spasdii sopropylim dazol ium
ation. 14. The nmethod of claim 13, wherein the

08eaction mixture has a nole ratio of water to YO

09et wee nrrfbbrﬂléihoa of chitd @b Rfudthgthe Jaéd.tuEHﬁ é@d BP&Yée%ﬁllizing the

1?JIalm wherein the reaction m xture

atio f@ﬂleﬁnlﬁéﬁlet/%ln@ APSENREPf abeigrnal |91Ué£hlélh%§’out

12. 5. 16. The nethod of claim 13, wherein the reaction
m xture conprises, in terns of nole ratios, the

oI 116wiThg metthod/obeleirt3 ghereinche pryRaliiviog is cosductes aba temperature
92 0.09 - 0.15 17. The
lﬁet Ol Hoabre sslg t6Qpdit {75°C

I'nc ing the additional step of
igrystallizing the nol ecul ar sieve | n the absence of an

@gﬁé?ﬂ%ﬁ héﬂ%wog&ﬁ%ﬁg g@el‘e Qggﬁﬁ gn gé?t%‘s% lW{:ﬁlﬁgabout 24 to about

Ienperzd howsf r om about 165C to about 175C. 19. The
iget hod of claim 13, where a tinme to formcrystals is
1f9r om about 24 to about 7 2 hours.
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